ABSTRACT. The aim of this study was to evaluate the control of blood glucose and glycosylated hemoglobin A1c (HbA1c) and its influencing factors, in elderly type 2 diabetic mellitus (T2DM) patients undergoing comprehensive management. After years of comprehensive prevention of and control measures for diabetes, elderly T2DM patients who were receiving long-term health care were comprehensively evaluated through an annual physical examination. In addition to routine health examination, the patients were required to undergo HbA1c measurement. Among 688 patients, 652 were men and 36 were women, with a mean age of 78.2 ± 9
INTRODUCTION
Diabetes mellitus (DM) has become a globally important public health problem. Experts have predicted that the number of diabetics worldwide will reach 0.366 billion by 2030. Among this population, Chinese patients will comprise >42.30 million. However, the Chinese Diabetes Society (CDS), through its 2008 national census, found the number of diabetics in China to be approximately 94.50 million. This value was 1.23 times the estimated number (Yang et al., 2010) . The severe acute or chronic complications of diabetes are the major factors that result in death and disability. Thus, long-term satisfactory blood glucose control is important in the management and delay of acute and chronic complications.
Previous studies indicated that the risks for heart disease and cerebral apoplexy in DM patients increase by 1% when glycosylated hemoglobin A1c (HbA1c) increases by 18% (Nathan et al., 2006) . Given that strict blood glucose control may reduce the possibility of capillary complications in type 2 DM (T2DM), the International Diabetes Federation (IDF) and American Diabetes Association (ADA) recommended an HbA1c level of <7% as the goal for blood glucose control (Selvin et al., 2004; Nathan et al., 2009; International Diabetes Federation, 2014) . A recent cross-sectional study by the CDS showed that blood glucose control in Chinese DM patients is unsatisfactory (Pan et al., 2009) , on the basis of the DiabCare investigation conducted in 60 large-scale medical centers for diabetes and in city central hospitals in 2006. The average HbA1c level for T2DM was found to be 7.6%. Among all patients, 77% did not exhibit a qualified HbA1c level (≥6.5%) (Harris et al., 2005) . The prevalence of DM is known to be related to age. The elderly are more susceptible to DM. Moreover, the elderly population is rapidly growing globally and in China. The most recent Centers for Disease Control (CDC) and Prevention Diabetes Fact Sheet noted the high prevalence of diabetes in the elderly, with approximately 30% being affected (Prevention CDC, 2011) . The improvement of diabetes management for this growing population is important, both in terms of improved health outcomes and economics (American Diabetes Association, 1998). The basic goal of diabetes management in older adults is similar to that for the younger population. For instance, the prevention of microvascular and macrovascular diseases is a similar goal. However, as patients with diabetes age, they experience challenges such as memory problems, vision/hearing impairment, depression, and difficulty in performing daily routines. These disorders are called "geriatric syndromes" (Munshi, 2008; Araki and Ito, 2009) . Geriatric syndromes such as cognitive dysfunction, depression, and functional disability have subtle presentations and, thus, can only be identified if providers specifically look for them (Brown et al., 2003; Munshi et al., 2006) . Moreover, additional medical comorbidities pose difficulties for the elderly in terms of maintaining self-management activities necessary for diabetes treatment (Sinclair et al., 2000; Brown et al., 2003) . The additional burden of polypharmacy, which is a common problem in this population, may also increase the risk of drug interactions and adverse effects (Kaufman et al., 2002; Sergi et al., 2011) . All the given factors make glycemic control difficult.
In this study, we conducted a cross-sectional investigation on the glycemic control level in middle-aged and senile diabetics with satisfactory health-care conditions after a multilevel integrative diabetic management, with the aim of examining the qualification rates of HbA1c and other metabolic control indices as well as potential influential factors.
MATERIAL AND METHODS

Subjects
Middle-aged and senile patients accepted long-term, regular physical examinations and treatment in our hospital. Screening for diabetes was conducted during the yearly physical examination starting from 1996 (patients who showed a blood glucose level >7.2 mM at 2 h after a meal of steamed bread were subjected to an oral glucose tolerance test for the final diagnosis). From 1998, multilevel integrative diabetes management including 1) education on the prevention and treatment for confirmed diabetics and their families (classes and manuals); 2) prompt monitoring of blood glucose level for diabetics and timely management for diabetics with high blood glucose level in the physical examinations, including group studies in clinic classes and short-term hospitalization for adjustment and treatments; 3) lectures on diabetes and integrative control measurements for other related metabolic abnormalities in primary-level health-care units; and 4) regular classes on advancements in the prevention and treatment of diabetes and metabolic syndrome for health-care staff in primary-level units. This study was conducted in accordance with the Declaration of Helsinki and with approval from the Ethics Committee of PLA General Hospital. Written informed consent was obtained from all participants.
All confirmed type 2 diabetics were subjected to HbA1c measurements besides the usual physical examination items during the annual physical examinations in May 2009. All type 2 diabetics met the diagnostic criteria for diabetes by the World Health Organization in 1999, and their disease courses were longer than half a year. These patients did not have any acute complication of diabetes or serious infectious diseases. Patients with hepatic inadequacy, renal inadequacy, and anemia were excluded during the HbA1c calculation.
Evaluation
All subjects were evaluated for height, body weight, and blood pressure by designated staff members. Body mass index (BMI) was also calculated. Venous blood samples were collected from patients who had fasted for >8 h, to detect blood lipids and HbA1c. Blood lipids were measured on a 7600 automated biochemical analyzer from Hitachi Company (Tokyo, Japan). HbA1c was measured by using high-performance liquid chromatography on a Variant II automated glycosylated hemoglobin analyzer from Bio-Rad Corporation (USA). The reference range for the measured value was 4.1 to 6.5%.
The criteria for HbA1c control were calculated according to the recommendation of the IDF and ADA. The criteria for blood pressure and blood lipid control for type 2 diabetics were implemented according to the 2008 ADA guidelines. The requirements for qualification were blood pressure <130/80 mmHg, total cholesterol (TC) <5.2 mM, low-density lipoprotein (LDL) <2.6 mM, high-density lipoprotein (HDL) ≥1.0 mM for men and ≥1.3 mM for women, triglyceride (TG) <1.7 mM, and BMI <25 kg/m 2 .
Statistical analysis
SPSS 11.5 (SPSS Inc., Chicago, IL, USA) was used to establish the database. The measurement data are reported as means ± SD, and the enumeration data were subjected to a chi-square test. P < 0.05 indicated a statistically significant difference.
RESULTS
Basic information
A total of 708 middle-aged and senile type 2 diabetics were included in the 2009 evaluations. This number accounted for 35.9% of the patients who underwent the annual physical examination. A total of 20 patients with renal inadequacy or anemia were excluded. Thus, 688 patients were included in this study, 672 of whom were men and 36 were women. The average age for all patients was 78.2 ± 9.1 years. According to the criteria for control recommended by the CDS, the BMI, blood pressure, and blood lipid (LDL was excluded) averages of the subjects were controlled within the ranges for qualification. The LDL average was 2.7 ± 0.8 mM, which was slightly higher than the criteria for control (Table 1) .
In terms of the treatments for blood glucose reduction, 95% of the patients followed a normal lifestyle, 23.4% of the diabetics controlled their blood glucose level simply with diet and exercise, 20.5% took an oral antidiabetic drug, and 30.1% took several oral antidiabetic drugs. Patients who took insulin and those who took insulin in combination with oral antidiabetic drugs accounted for 4.1 and 13.1% of the population, respectively. Moreover, 59.3% of the patients had no history of smoking, 28.1% had a history of smoking but had already quit, and 12.5% remained as smokers. 71.8 ± 8.7 45-100 SD = standard deviation; BMI = body mass index; DM = diabetes mellitus; TC = total cholesterol; TG = triglyceride; LDL = low-density lipoprotein; HDL = high-density lipoprotein.
Qualification for blood glucose, blood pressure, blood lipids, and BMI control
As shown in Table 2 , according to the recommended criteria by the CDS, 348 diabetics (50.6%) showed HbA1c levels <6.5%, 177 (25.7%) showed HbA1c levels between 6.5 and 7%, 119 (17.3%) had their HbA1c level controlled between 7.0 and 8.0%, and only 44 (6.5%) showed poorly controlled blood sugar with an HbA1c level of not lower than 8.0%. According to the ADA criteria, HbA1c <7.0% can be considered as the qualification requirement for control. As a result, 525 patients (76.3%) met the requirement. BMI = body mass index; T2DM = type 2 diabetes mellitus; TC = total cholesterol; TG = triglyceride; LDL = lowdensity lipoprotein; HDL = high-density lipoprotein.
As shown in Table 3 , among the 688 type 2 diabetics, the qualification rates for TC, TG, LDL, HDL, blood pressure, and BMI were 77.1, 67.8, 46.4, 66.1, 36.3, and 57.4%, respectively, in accordance with the 2008 ADA guidelines. Systolic blood pressure control was poor, whereas diastolic blood pressure control easily met the requirement, which was consistent with the characteristics of senile diabetics.
Influencing factors for HbA1c control
As shown in Table 4 , when the duration of diabetes was >10 years or when TG, LDL, HDL, blood pressure, and BMI were not controlled to meet the requirements, HbA1c control was always unsatisfactory. The HbA1c control in patients who accepted insulin in combination with oral antidiabetic drugs was poorer than in those who simply followed a diet and exercise regimen, as well as in those who were orally administered with a single drug. On the other hand, age, gender, and smoking were not significantly correlated with HbA1c control.
Safety evaluations
Statistical analysis was conducted during 10 years for the health care of the subjects. No patient was hospitalized because of emergent treatments for diabetic ketoacidosis or hyperosmolar hyperglycemic status. Three patients received emergency treatment for serious or moderate hypoglycemia. Among these patients, two took additional traditional Chinese medicines by themselves (one patient took a medicine that contains glibenclamide, whereas the other patient took a medicine with unknown ingredients). The third patient did not consume food after insulin injection. No death occurred as a result of diabetes.
DISCUSSION
Satisfactory blood glucose control is not only the short-term therapeutic goal for T2DM but is also the basis for realizing long-term therapeutic goals in reducing or postponing complications, improving survival quality, and reducing social and economic burdens. HbA1c is generally used as an index for the evaluation of blood glucose control. Two different sets of criteria are currently available. The CDS recommend the control of blood glucose at BMI, body mass index; HbA1c, glycosylated hemoglobin A1c; TC, total cholesterol; TG, triglyceride; LDL, lowdensity lipoprotein; HDL, high-density lipoprotein *Including those who used insulin alone and those who used insulin combined with oral antidiabetic drugs.
<6.5%, whereas the IDF and ADA recommend the control of blood glucose at <7.0%. A 2005 study in Canada showed that the HbA1c level was <7.0 in 51% of T2DM patients and that the mean HbA1c level was 7.3% (Harris et al., 2005) . The results from a 2006 US study [National Health and Nutrition Examination Survey (NHANES) III] showed that 40.5 and 42.3% of the patients exhibited HbA1c levels <7.0% (Harris, 2000; Spann et al., 2006) . A 2009 study in Jordan showed that the mean HbA1c level in T2DM patients was 7.1%, and that 51.6% of the patients showed an HbA1c level <7.0% (Al Omari et al., 2009 ). An investigation on diabetic control and management was conducted in 30 grade 3 class A hospitals in China in 2003. The results revealed that the mean HbA1c level was 7.5 ± 1.6% among the subjects, which decreased by 1.4% compared with that in 1998. However, only 11.5% of the patients met the requirements (HbA1c <6.5%). The second DiabCare investigation in China, conducted in 2006, showed that the mean HbA1c level in T2DM patients was 7.6%. Moreover, the HbA1c level in 77% of the patients was not lower than 6.5%, and that in 40% of the patients was <7.0% (Pan et al., 2009) . Compared with the rapidly increasing number of diabetics, the general control level among diabetics in China is not optimistic. The senile T2DM patients in this study had relatively satisfactory integrative management and health-care levels of diabetes. The mean HbA1c level in the annual examination was 6.6%, in accordance with the criteria recommended by the IDF, where 50.6% of the patients met the requirements. According to the criteria recommended by the ADA, 76.1% of the patients met the requirements. For the senile patient group aged 80 years and older, 47.4% of the patients showed an HbA1c level <6.5, and 73.1% showed an HbA1c level <7.0%. In terms of the correlation between age and the HbA1c qualification rate, no significant correlation was found between these factors, which were consistent with the results from the study in Jordan (Khattab et al., 2010) . This result implies that satisfactory diabetic management in senile diabetics is the most important decisive factor influencing blood glucose control, whereas age is not a barrier.
According to the guidelines presented by the ADA in 2008, the qualification rates for TC, LDL, HDL, TG, blood pressure, and BMI were 77. 1, 46.4, 66.1, 67.8, 36.3, and 57 .4%, respectively. Except for blood pressure and LDL, the qualification rates for the other items were all >50%. The qualification rate for blood pressure was similar to that found in a US investigation, where blood pressure was <130/85 mmHg in 35.3% of the patients (Spann et al., 2006) . Although the qualification rate for LDL in this present study is relatively low, the value is significantly higher than that in the investigation by NHANES III, where the LDL level was <2.6 mM in 15.4% of the patients. The factors influencing the HbA1c level were analyzed. The data showed that the difficulties in sugar-reducing treatments were significant and that HbA1c control was poorer when the disease course of diabetes was long, which is consistent with the results from previous studies (Harris et al., 2005; Khattab et al., 2010) . These results may be attributed to the functional failure of pancreatic island b cells, low capability for controlling blood glucose, and increase in the difficulties of the control. Compared with patients who were orally administered with several sugar-reducing drugs and those who were using insulin, the control of HbA1c level was satisfactory depending on diet and exercise. Patients who were orally administered with a sugar-reducing drug showed similar results as those in previous studies (Goudswaard et al., 2004; Khattab et al., 2010) . Furthermore, the results from the present study showed that the control of TG, LDL, HDL, BMI, and blood pressure was correlated with blood glucose level, which further highlights the importance of the integrative control of multiple metabolic abnormalities in diabetics. Treatments for blood lipid regulation and blood pressure reduction, as well as control of body weight, cannot be neglected despite the active treatments for blood sugar reduction.
An investigation on the correlation between smoking, glycosylated hemoglobin, and proteinuria in Sweden showed that the mean HbA1c level in smoking diabetics was higher than that in nonsmoking patients and that the percentage of patients showing an HbA1c level <6.5% was lower than that in the nonsmoking group (Nilsson et al., 2004 ). Although we cannot conclude that smoking is correlated with the control of HbA1c based on the data from the present study, a significance level of P < 0.05 in the comparison between the simple smoking group and the nonsmoking group indicates that smoking may affect the control of glycosylated hemoglobin to some extent.
Blood glucose control was generally correlated with the course of diabetes, drug medication, LDL, HDL, TG, BMI, and blood pressure. Integrative management for T2DM patients should thus be emphasized. The subjects for investigation in this present study were senile patients >60 years old. Although the patients' average age was high, their educational degree was also high. Thus, the diabetes screening process was well understood, and educational instructions on diabetes can be regularly conducted. Moreover, the self-management and compliance with treatments, as well as the health-care conditions of the patients, were satisfactory, and the patients were able to achieve satisfactory integrative management and control of blood pressure, blood lipids, and blood sugar. These advantages are all potential reasons for the high qualification rate of HbA1c in the present study compared with that in other Chinese reports.
